This information is current as of 21 June 2014.
The Hedgehog (Hh) signaling pathway is evolutionarily conserved and plays a key role in embryonic development and postnatal tissue integrity (1) (2) (3) (4) (5) (6) . Dysregulation of Hh signaling is also associated with many types of human cancers (7) . Decades of extensive genetic and molecular analysis of the Hh pathway have not only identifi ed its major players but also provided a basic framework for how Hh signaling elicits dose-dependent responses. The ligand Hh, such as Sonic hedgehog (Shh), binds to its membrane receptor Patched 1 (Ptc1, also abbreviated Ptch1) and relieves the repression of Smoothened (Smo), a member of the heterotrimeric GTP-binding protein (G protein)-coupled receptor superfamily and a key signal transducer of the Hh signal. Transduction of the Hh signal downstream of Smo involves a cascade of protein-protein interactions, posttranslational modifications, and proteolysis, which eventually leads to transcriptional responses mediated by the Ci and Gli (Ci/Gli) family of proteins (Fig. 1A) . Compared to other signaling pathways, the Hh pathway exhibits several distinct properties. A key feature is its dependence on the primary cilium, a microtubule-based organelle, for vertebrate, but not fl y, Hh signaling (8) (9) (10) . Activation of the Hh pathway is associated with a dramatic increase of Smo abundance in the membrane of the cilium (11) , which is consistent with pathway activation in the cilium in relaying the Hh signal.
In addition to its role as a morphogen, Hh has been reported to act as a chemoattractant and to mediate axon guidance (12, 13) or cell migration (14-18) through a pathway referred to here as noncanonical Hh signaling (Fig. 1B) . Smo can be coupled to the alpha subunit of G proteins (such as Gα i ) and induce actin cytoskeleton remodeling through the phosphoinositide 3-kinase (PI3K) pathway and activation of the guanosine triphosphatases RhoA and Rac1, resulting in cellular migration toward the source of the chemoattractant (17) . Alternative pathways downstream of Smo could also control remodeling of the actin cytoskeleton. For example, members of the Src family of kinases (SFKs) are phosphorylated in response to Shh signaling through Smo and may induce growth cone turning in axon pathfi nding (13) . Although noncanonical Hh signaling is dependent on Smo, the migration and guidance response does not require the transcriptional responses mediated by Gli proteins (13, 16) . This raised the important questions of how Smo mediates and coordinates transcription-dependent (canonical) and transcription-independent (broadly defi ned as chemotactic) Hh responses and whether an intact primary cilium is required for chemotactic Hh responses (19) . Elegant studies reported by the Bijlsma et al. (20) provide insight into these critical issues. Their fi ndings suggest that intracellular traffi cking of Smo to distinct locations is responsible for generating either a chemotactic or transcriptional response.
Although the abundance of Smo in the cilium drastically increases upon Hh pathway activation, the route of Smo traffi cking has not been resolved (21, 22 
